Objectives. To assess the burden of new leprosy cases in India and the efficiency of case detection work by ASHA in general health system. Methods. A sample survey of 804,536 persons was undertaken in 8 districts during 2009-2010: 4 each in Haryana (low endemic for leprosy) and Uttar Pradesh (high endemic for leprosy). About 20% population was covered from urban areas. Results. The survey suggested that burden of new case detection rate of leprosy in India per 10,000 population could be 4.41 in comparison to 1.09 as per government records. When present observation is adjusted to team performance in rural area, the NCDR increased to 10.64 per 10,000. This leads to suggest that NCDR in India could further increase to 9.76 times when adjusted to team performance. This data suggest that large numbers of early leprosy cases do not reach the health facilities where leprosy treatment is provided, although some chronically ill patients reach late, and thus multibacillary disease is found more in passive reporting. This could also be an indicator of a large number of established cases not being sufficiently self-motivated or lacking knowledge to utilize the free diagnosis and treatment services. Thus, the programme needs to be designed to meet these objectives effectively to better utilize the available services to reduce the leprosy burden. Conclusion. Active survey detected many folds higher leprosy cases in community, and this suggests that the information, education, and communication based approaches have a very minimal effect. If the programme continues to be based on IEC activities, the information should be designed in such a way that most persons suspected to have leprosy can know about free treatment, place of availability, and its effectiveness. However, leprosy elimination campaign surveys may be used as a tool to filter large pool of cases from community.
Introduction
The annual new case load of leprosy in India has been reported to have declined significantly from 8.9/10,000 in 2000 to 1.1/10,000 in 2010 [1] . As per the latest data available [1] , only 1.34 lakh new leprosy cases were reported in India during the year 2009-2010, and leprosy was declared eliminated on January 1, 2006, reaching the level of below 1 (0.98) per 10,000 population in India [2] . However, several reports [2] [3] [4] [5] from Uttar Pradesh and Maharashtra [6, 7] , India, and also from other countries such as Bangladesh [8] and Brazil [9] had indicated that leprosy case load may be many folds higher in India and elsewhere than as being reported under respective government health systems. This has created doubts [10, 11] about the actual achievements on leprosy control. The multidrug treatment (MDT) is very effective to cure the disease, and it is equally important and useful to assess the actual new case load of leprosy. A study was therefore undertaken with the following aims.
(1) To assess the burden of new undetected leprosy cases in two states through a population-based survey. (2) Efficiency of case detection by ASHA workers as a local health functionary in general health system (GHS). (3) Extended objective is also to compare government data with this survey to understand the extent of underreporting leprosy. 
Methodology

Selection of States.
Two states in India were selected for the study-one highly endemic for leprosy (i.e., Uttar Pradesh or U.P.) and another with low endemicity for leprosy (i.e., Haryana).
Sampling Design.
In each state, 4 districts were randomly selected after dividing the state into 4 clusters, that is, North, East, West, and South. In each district, 4 PHCs were selected randomly using random number table. Under each selected PHC, 4 subcentres were randomly selected using cluster sampling approach for population survey to search for leprosy cases. The average population size of PHC in U.P. was about 36,000, and in Haryana, it was slightly lower. Although urban areas were to be surveyed by JALMA team (JT) and rural areas by ASHA workers, JT also surveyed rural areas initially due to either nonavailability or inability of ASHA workers to undertake the survey work and then reallocating one subcentre per PHC for reasons of comparing efficiency.
Sample Size.
The central leprosy division (CLD) provided a national figure of disability prevalence as 2.5/10,000 population. Assuming this figure ( = 0.00025) being lower than leprosy prevalence and 20% of error margin in this observation, the estimated sample size came out to be equal to 399900 per state. It is well known that design effect (DE) may be lower than 1 or more than one, so in the absence of data to compute design effect, DE was assumed as 1. It was also proposed to select 4 districts from each state in such a manner that each district represents one cluster in areas belonging to North, East, West, and South of each state. Therefore, the size of population to be covered from each district was set equal to 100,000. Further, 4 PHC clusters were randomly selected from each district and 4 subcentres from each PHC cluster. The distribution of the total population to be sampled in each district was subdivided as follows: 20% (20,000) of the size to be covered in urban areas and the rest 80% (80,000) from rural areas of 16 subcentres, that is, 80,000/district (Table 1 and Figure 1 ).
Organization of Activities
This was a cross-sectional survey, and no attempt was made to revisit the missed household for any reasons. The survey in rural areas was to be conducted using 20 village level ASHA (accredited social health activist) workers per PHC, and their field work was supervised by trained leprosy supervisors. These ASHA workers were trained to undertake house to house survey in their villages to initially identify suspect cases of leprosy and leprosy-related disability using the scheduled questionnaire. The supervisors then visited these suspects to first filter noncases and then having the remaining cases cross-examined and confirmed clinically by respective PHC doctor. The standard MDT was then provided by the doctor at PHC in rural areas. In urban areas, the survey was conducted by a team from JALMA having 6 males and 1 female field workers with 3-5 years of experience in leprosy, 4 male trained paramedical (PMW) supervisors with 5-8 years of experience of work in leprosy (same team is used for all urban areas). The PMW supervisors first examined the suspect and then cross-verified by the district leprosy officer. Once confirmed, the treatment was given under supervision of the district leprosy officer and necessary records were maintained.
Timings of Survey Activities.
The field work for this house to house survey was started on May 1, 2009, and finished by April 30, 2010. The survey was conducted only during daytime (7 AM to 4 PM), and physical examination method was used to detect leprosy cases.
3.2.
Training to ASHA. Initially 2 days comprehensive training programme was conducted for ASHA workers at each selected PHC in selected districts. During the training, audiovisuals describing all aspects of a leprosy case, disability, and how to differentiate it from nonleprosy were taught. An active leprosy case demonstration was also done. Each ASHA worker was provided with a complete survey kitbag containing survey questionnaire, writing board, pen, stapler, pamphlets, case demonstration card, and so forth.
New Leprosy Case and Treatment.
A person with hypopigmented or reddish skin patches(s) and with definite signs of anesthesia and with or without nerve involvement but with no history of leprosy treatment was classified as a new case of leprosy irrespective of duration of disease. These cases were previously undiagnosed plus new cases in recent times.
A confirmed leprosy case with 1-5 skin lesions with/without 1 thicken nerve is classified as paucibacillary (PB) leprosy and with 6 or more skin lesions and with 2 or more thicken nerves as multibacillary (MB) leprosy. A neuritic case of leprosy is defined as the one without skin patches and with one or more nerve involvements.
The standard W.H.O. MDT treatment was provided through the respective PHC in rural and through the district leprosy officer in urban areas after case confirmation as shown in Figure 2 . 
Prevalent case was defined as the one who had
Data Management and Statistical Analysis
The survey data was collected using questionnaire schedules having closed and open-ended questions. These were checked in the field and then transported to JALMA Agra for data entry work. The quality of data entry was checked before data analysis and report writing. For assessing the leprosy new case load, all the leprosy cases (new untreated and self-reported) were added to compute new case detection rate (NCDR).
2 -test has been used to compare the significance difference between the prevalence.
Results
Active New Case Detection Rate (ANCDR).
In Uttar Pradesh (UP), a total of 276 cases were detected, and the NCDR was observed to be 6.91 per 10,000 populations surveyed. Of this, 2.54% (7/276) were self-reported cases and the rest were new untreated or previously undiagnosed cases.
In Haryana, where a total of 79 new cases were detected and NCDR of 1.95 per 10,000 populations, of this, 7.59% (6/79) were self-reported ( Table 1 ). The district Badaun in UP was observed to have the highest (see Table 2 ) NCDR/10,000 population of 12.49 followed by Faizabad (8.32), Mahoba (4.98), and the lowest in Mathura (1.31). Similarly in Haryana, the highest NCDR/10,000 population of 3.84 was recorded in Kurukshetra district followed by Panipat (2.92), Mewat (0.98), and the lowest (0.36) in Hisar district. The data suggests that the overall NCDR/10,000 on account of selfreported cases was 0.16 and accounted for 3.66% (13/355) only in both the states put together. The combined NCDR/10,000 population was 4.41 per 10,000 populations. The overall MB disease was 28.0% (102/364) of the total active leprosy cases in this survey (Table 3 ).
ANCDR by Age and Sex
The new case detection rate (NCDR/10,000 population) by age has shown increasing trend from the lowest of 0.96 to 20.72 at the age of 60 years and above. The age pattern seems to have the same trend for males and females in UP and 
Number of Skin Lesions and Nerves
Of the total 355 new cases in this survey, a large amount of 47.3% had just a single skin lesion and 81% of these without any thickened nerve. Of the total, 78 cases (22%) had 2-3 skin lesions and 53 cases (14.9%) with 10 or more skin lesions. However, 5.1% were neuritic cases.
Similarly, 213 cases (60%) of the total new cases had no nerve involvement, 74 (20.8%) had only one thickened nerve, and 24 (6.8%) with 5 or more thickened nerves (Table 5 ).
ANCDR in Urban versus Rural Areas
The data presented in Table 6 revealed that the ANCDR/ 10,000 population in urban area of U.P. was 9.76 and 7.94 in Haryana, respectively. The ANCDR in rural areas of U.P. was 6.12, which is significantly higher than the figure of 0.31 in Haryana ( 2 = 166.7, < 0.0001). In the total population of the two states, ANCDR in rural area was 3.20 in comparison to 8.85 in urban areas ( 2 = 98.3, < 0.0001).
ANCDR by JALMA Team versus ASHA in Rural Areas
The NCDR/10,000 population surveyed by ASHAs was 0 
Discussion
The estimated errors in the observed ANCDR of 0.000691 in 399540 population of Uttar Pradesh and 0.000195 in 404996 population of Haryana are 12% and 22%, respectively, as against the 20% assumed while computing sample size, indicating fair amount of acceptability of the survey data results. The study detected 342 new undetected leprosy cases and 13 self-reported cases with 47.3% single lesion cases (early leprosy). Data also suggested that MB disease in cases detected in survey was 25.4% as compared to high MB rate (68.2%) ( Table 3) in self-reported cases. No significant difference was found in NCDR by sex. The study therefore provided input data to compare with programme data and its characteristics. For example, data collected by ASHA has revealed typically low level of detection rate in the community (1 in 17.5) ( Table 7) and high MB rate (68.2%) ( Table 3) in self-reported cases as routinely being seen in Government reported data from general health system.
The voluntary reporting system for leprosy patients has some inherent problems related to the low level of community awareness, high social stigma, atypical skin lesions, and dependence on neurological symptoms which present late. On the contrary, active case searching in the community facilitates early case detection thereby reducing the probable risk of permanent disabilities and interrupting the ongoing transmission. Although as per the "Global Strategy for Further Reducing the Leprosy Burden and Sustaining Leprosy Control Activities 2006-2010", National Leprosy Programmes are urged to encourage people to come forward for treatment and recommends integrating leprosy services to health facilities [12] .
Active case detection reveals that there are a large number of previously undetected leprosy cases in the population. The study in Agra district too had revealed that leprosy prevalence in the district was 16.4/10,000 population [4] in comparison to 0.58 reported by district health authorities. A sample survey from Mumbai showed that 86% of the 79 newly detected cases did not report to the health systems despite having skin patches. This high proportion of undetected cases was rightly interpreted as a limitation of the impact of IEC activities [7] . A recent study from north-western Bangladesh depicted similar findings with a prevalence of previously undiagnosed leprosy of about (13.1 per 10,000 population) compared to the figure of registered leprosy cases (2.31 per 10,000 population) [9] . Another study in Brazil showed that 28.4% of leprosy cases in the community were not identified by the health system between 2001-2005 [13] .
One of the reasons for new leprosy cases not getting registered could be that the leprosy at an early stage does not bother patients, and thus patients often ignore as there is no urgency of treatment. It is evident that a large proportion (47.3%) of newly detected patients in the present study were single skin lesion cases, and 81% of these cases were without any nerve involvement. Other studies also reported high proportion (35.7%) [6] of single lesion leprosy. Secondly, the NLEP curtailed registration of patients with single skin lesions by 2005 under the premise of misdiagnosis of other dermatological conditions as leprosy [12] . This might have deprived the patients of timely treatment and prevention of deformity but might have promoted transmission of leprosy in the community through single lesion cases which have been reported to be even multibacillary at times.
Magnitude of the Leprosy Burden
The Present study has suggested that the actual new case detection rate (ANCDR) was observed to be 4.41 per 10,000 
Policy Implications
The wide gap between the estimated new case detection rate (NCDR) of leprosy obtained by active case detection and projected ANCDR obtained by passive case reporting underscores the efficiency and need for active case detection in leprosy in order to obtain the actual burden of disease.
However, in view of limited resources in the public health system, it may not be possible to undertake the exercise of active case detection in the entire national population. Alternative methods may thus need to be considered to bring in large pool of untreated cases to treatment.
This study highlights the presence of a large number of undiagnosed or unreported cases of leprosy in the community in India based on sample survey data of 8 districts in Uttar Pradesh and Haryana. Numerous studies [3] [4] [5] [6] [7] [8] [9] have indicated the high occurrence of leprosy. The high burden of leprosy in the present study and also in other studies is certainly indicative of underscoring the real leprosy problem in the country and ignoring the variable degree of active but confirmed transmission of leprosy in the study population. This also has logistic implications in terms of treatment supplies to subdistrict or health facilities in the country.
In most active field surveys, the MB proportion remains under 30% as against the high proportion of multibacillary cases, often above 50-80% in data from passive reporting, indicating that many early leprosy cases missed out in passive reporting system [14] . This finding also correlates well with high transmission in areas of high MB ratio. Thus, a policy for active case detection, in selective areas of high MB ratio (>40%), would aid in the estimation of the real burden of leprosy. This would also facilitate the policy for prevention of deformity in addition to the provision of timely and adequate treatment and rehabilitation support to the patients.
One of the cornerstones of National Leprosy Elimination Programme is information, education, and communication 8 ISRN Tropical Medicine (IEC) in the community. The government has also partnered with various nongovernmental organizations in order to increase the level of awareness with regard to leprosy at community level and to improve self-reporting. Despite significant financial and human investment by the government of India over decades, the impact of IEC seems to be very limited. It is therefore the need of the time that leprosy control programmes are designed to use easy IEC messages to sufficiently motivate population for self-examination and reporting to health system. In addition, health system must improve its health care delivery so that more people get motivated to participate and utilize the services. This should help to reduce the leprosy burden in actual terms.
